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Hyperacusis is a condition in which exposure to everyday sounds is perceived as more annoying or disturbing than normal, resulting in symptoms such as headache, fatigue, and concentration difficulties. Reactions are characteristically triggered by sounds in general, even at low intensities,\[[@ref1]\] rather than to specific sounds as in misophonia.\[[@ref2]\] However, misophonia as well as fear of sounds (phonophobia\[[@ref3][@ref4]\]) can occasionally appear together with hyperacusis\[[@ref1][@ref5][@ref6]\] although the illnesses are not mutually inclusive. There are few population studies of hyperacusis, but prevalence rates of 8.6 and 15.2% have been reported from a Swedish\[[@ref7]\] and Polish\[[@ref8]\] study, respectively. However, although considering oneself to be sensitive to everyday sounds was asked in the Swedish study, no such information was reported from the Polish study. Data from specific, nonstratified population samples show a similar prevalence; a Norwegian study\[[@ref9]\] investigating noise sensitivity, traffic noise, and self-reported health reported a noise sensitivity prevalence of 11.5%, whereas a Swedish study\[[@ref10]\] focusing on adolescents (13--19 years) found a prevalence of 17.1%. This discrepancy in prevalence between studies may be referred to differences in question formulation regarding hyperacusis, as well as some studies being based on specific populations.

Regarding demographic data, Andersson *et al*.\[[@ref7]\] reported prevalence rates that imply that increased age is associated with hyperacusis. Hyperacusis has also been found to be more common among men (61%),\[[@ref8]\] whereas documentation appears to be lacking regarding marital status and education as well as lifestyle factors (eg, smoking habits and physical exercise) and perceived general health. As would be expected, not only markedly low uncomfortable loudness level but also higher sound detection thresholds\[[@ref11][@ref12]\] have been shown in hyperacusis. Less is known about how common it is to experience reduced hearing in hyperacusis.

Individuals with hyperacusis often report difficulties in everyday activities and try to adapt to situations that may trigger symptoms, for example, by wearing earplugs or avoiding social situations.\[[@ref4][@ref12][@ref13][@ref14]\] To what extent individuals with hyperacusis in the general population cope with their condition by seeking medical attention lacks documentation to the best of our knowledge.

It is common among those suffering from hyperacusis to also have other conditions of poor health. Regarding psychiatric disorders, 56% of patients referred to an ear, nose, and throat clinic with hyperacusis as primary diagnoses were found to meet criteria for at least one psychiatric disorder. More specifically, 47% met criteria for anxiety disorder, 8% for major depression, and 3% for posttraumatic stress disorder (PTSD).\[[@ref15]\]

Tinnitus is particularly common in hyperacusis. Prevalence rates for tinnitus have been reported to range between 9 and 86%, with the lower rate for the general population as opposed to clinical populations.\[[@ref7][@ref16][@ref17][@ref18]\] Other common comorbid illness in hyperacusis are Bell\'s pares,\[[@ref19]\] facial paralysis,\[[@ref20]\] and Williams syndrome.\[[@ref21][@ref22]\]

Hyperacusis has also shown comorbidity with other medically unexplained symptoms, including fibromyalgia,\[[@ref23][@ref24][@ref25]\] chronic fatigue syndrome (CFS),\[[@ref24][@ref26]\] as well as other environmental intolerances such as multiple chemical sensitivity, nonspecific building-related symptoms, and symptoms attributed to electromagnetic fields.\[[@ref27][@ref28][@ref29][@ref30]\]

Different sources thus suggest that hyperacusis is an affliction associated with several additional concerns for health and well-being. In this study, we aimed to make an encompassing overview of the characteristics of hyperacusis in the general population. We investigated two case groups − individuals who reported a physician-diagnosed hyperacusis and a self-reported hyperacusis regarding (1) demographics, lifestyle, perceived general health and hearing ability in comparison to individuals without hyperacusis, (2) hyperacusis-specific characteristics and behavior, and (3) comorbidity, in comparison with a control group without hyperacusis. These questions were addressed by means of data from a large-scale population-based questionnaire study, the Västerbotten Environmental Health Study.

M[ETHOD]{.smallcaps} {#sec1-2}
====================

Population and samples {#sec2-1}
----------------------

The Västerbotten Environmental Health Study\[[@ref30]\] is an ongoing research project that started in 2010. Its aim is to investigate factors relating to environmental health and environmental intolerances in Sweden, using a representative population sample. A random sample of 8520 individuals aged 18--79 years were drawn from the population of the Västerbotten county. Out of these, 40.0% (*n*=3406) agreed to participate. The sample was stratified for age and sex according to the following age strata: 18--29, 30--39, 40--49, 50--59, 60--69, and 70--79 years. The sample\'s age and sex distribution is given in [Table 1](#T1){ref-type="table"}.

###### 

Numbers of Respondents (and Percentage of Those Invited) Across Age and Sex Strata

  Age (years)    Women         Men
  -------------- ------------- -------------
  18--29         307 (32.1)    179 (17.3)
  30--39         266 (40.3)    177 (24.7)
  40--49         288 (40.5)    230 (31.0)
  50--59         367 (50.9)    295 (39.5)
  60--69         405 (58.4)    356 (50.7)
  70--79         265 (53.8)    271 (63.9)
  Total sample   1898 (45.2)   1508 (34.9)

Among the 3406 respondents, 66 (1.9%) met the criterion for physician-diagnosed hyperacusis and 313 (9.2%) for self-reported hyperacusis. The group with physician-diagnosed hyperacusis responded affirmatively to the questions "Have you been diagnosed with sound intolerance by a physician?" and "Do you have a hard time tolerating everyday sounds that you believe most other people can tolerate?", whereas the group with self-reported hyperacusis responded affirmatively only to the latter question. Thus, rather than being two distinct case groups, there is overlap between the two groups, and the physician-diagnosed group is likely to include more severe cases of hyperacusis. The physician-diagnosed group were found to have frequently more problems and for longer duration than the self-reported group; 48.5% reported daily, 34.8% reported once or a few times a week, and 15.2% reported once or a few times a month. Corresponding rates for the self-reported group were 34.2, 42.5, and 22%, respectively. The mean number of years experiencing hyperacusis was 13.54 (standard deviation, SD=8.52) for the physician-diagnosed group and 11.06 (SD=9.24) for the self-reported group.

Applying a cross-sectional design, the two case groups were compared with a reference group (*n*=2995), who reported having neither a physician-diagnosed nor self-reported sound intolerance.

Questionnaires {#sec2-2}
--------------

The 11-item Noise Sensitivity Scale (NSS)\[[@ref31]\] was used that is a short-form version of the original 21-item NSS.\[[@ref32]\] The NSS-11 quantifies degree of affective reactions to and behavioral disruptions by environmental sounds.\[[@ref33]\] Cronbach\'s α for the present sample (*n*=3406) was 0.77. Mean (SD) score was 40.2 (6.89) in the group with physician-diagnosed hyperacusis, 36.9 (7.42) in the group with self-reported hyperacusis, and 26.1 (7.31) in the referent group. On the basis of normative data for the NSS-11,\[[@ref33]\] the severity of hyperacusis corresponds, on average, to the 94.9th percentile of the general population in the group with physician-diagnosed hyperacusis, the 88.8th percentile in the group with self-reported hyperacusis, and the 44.5th percentile in the reference group.

The participants responded to questions about demographics, lifestyle, perceived general health and hearing ability (first research question), hyperacusis-specific characteristics and behavior (second question), and comorbidity (third question). The demographic and lifestyle questions related to age, sex, marital status/cohabitant, and present smoking. The questions regarding hyperacusis-related characteristics and behavior are given in [Figure 1](#F1){ref-type="fig"}. The illnesses were back/joint muscle disorder, PTSD, generalized anxiety syndrome (GAD), tinnitus, hearing impairment, CFS, migraine, attention-deficit/hyperactivity disorder (ADHD), fibromyalgia, irritable bowel syndrome (IBS), panic disorder, depression, and exhaustion syndrome.

![Hyperacusis-specific characteristics and behaviors among participants with physician-diagnosed hyperacusis and self-reported hyperacusis](NH-18-178-g001){#F1}

Procedure {#sec2-3}
---------

The questionnaire was sent to the participants with the instruction to return it via mail with prepaid postage. Those who did not respond to the first invitation received up to two reminders. All participants responded to the questionnaire during the period March to April 2010. The study was conducted in accordance with the Helsinki Declaration and approved by the Umeå Regional Ethics Board (Dnr 09-171M). All participants gave their informed consent to participate.

Statistical analysis {#sec2-4}
--------------------

All analyses were performed using the Statistical Package for the Social Sciences (IBM SPSS Statistics for Windows, Version 21.0; Armonk, NY). The two case groups were compared with the referents on demographics, lifestyle, and perceived general health and hearing ability with independent *t* test and χ^2^ analysis. Logistic regression analyses were conducted to obtain crude and adjusted (for age, sex, and education that differed between the case groups and referents) odds ratios (ORs) for studying comorbidity in hyperacusis with the various diagnoses. The α level was set at 0.05.
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Results for demographics, lifestyle, and perceived general health and hearing ability for both the case groups and referents are given in [Table 2](#T2){ref-type="table"}. Compared with the referents, the physician-diagnosed group was significantly older in age. The self-reported group was younger and had higher education. Both the case groups consisted of a larger proportion of women, reported poorer health, and more commonly perceived their hearing ability to be below normal.

###### 

Description of Case Groups and Referent Group with Respect to Demographics, Lifestyle, and Perceived General Health and Hearing Ability, and Comparisons Between Case Groups and Referents with *t* Test (Age) and χ^2^ Analysis

                                       Physician diagnosed (*n*=66)   Self reported (*n*=313)   Referents (*n*=2995)
  ------------------------------------ ------------------------------ ------------------------- ----------------------
  Age (years), mean (SD)               57.8 (11.44)\*\*\*             48.9 (15.45)\*            51.1 (16.94)
  Women, *n* (%)                       44 (66.7)\*                    220 (70.3)\*\*\*          1619 (54.1)
  Married/cohabitant, *n* (%)          56 (84.8)^ns^                  222 (70.9)^ns^            2213 (74.4)
  No response                          0                              3 (0.9)                   25 (0.8)
  Education (highest level), *n* (%)   ns                             \*\*                      
  Compulsory school                    19 (28.8)                      54 (17.4)                 711 (24)
  Senior high school                   19 (28.8)                      98 (31.5)                 1016 (34.4)
  College/University                   28 (42.4)                      159 (51.1)                1230 (41.6)
  No response                                                         2 (0.6)                   38 (1.3)
  Smoking, *n* (%)                     10 (15.2)^ns^                  27 (8.7)^ns^              262 (8.8)
  No response                          0                              3 (0.9)                   21 (0.7)
  Physical exercise, *n* (%)           ns                             ns                        
  Once a month or less                 4 (6.1)                        31 (10)                   382 (12.9)
  2--4 times/month                     11 (16.7)                      71 (23)                   581 (19.6)
  2--3 times/week                      24 (36.4)                      114 (36.9)                1132 (37.3)
  More than 3 times/week               27 (40.9)                      93 (30.1)                 862 (29.2)
  No response                                                         4 (1.3)                   38 (1.3)
  Perceived general health, *n* (%)    \*\*\*                         \*\*\*                    
  Excellent/Very good                  11 (16.7)                      89 (28.4)                 1245 (41.6)
  Good                                 22 (33.3)                      95 (30.4)                 1026 (34.3)
  Somewhat good/Poor                   32 (48.5)                      127 (40.6)                691 (23.1)
  No response                          1 (1.5)                        2 (0.6)                   33 (1.1)
  Perceived hearing ability, *n* (%)   \*\*\*                         \*\*\*                    
  Normal                               19 (28.8)                      117 (37.5)                1888 (63.6)
  Above normal                         10 (15.2)                      52 (16.7)                 358 (12.1)
  Below normal                         37 (56.1)                      143 (45.8)                722 (24.3)
  No response                                                         1 (0.3)                   27 (0.9)

\**P*\<0.05; \*\**P*\<0.01; \*\*\**P*\<0.001; nsnonsignificant; SD: standard deviation.

Frequencies of hyperacusis-specific characteristics and behavior are shown in [Figure 1](#F1){ref-type="fig"}. In both the case groups, a majority reported actively trying to avoid sound sources, and mostly being able to affect the sound environment, whereas a majority in the physician-diagnosed group, but not the self-reported group, also reported having sough medical attention. Around half of the people in the case groups reported that the hyperacusis started after high-dose or long-term sound exposure, and less than a third reported that they had received treatment. For all five aspects, the proportions were larger in the physician-diagnosed group than in the self-reported group.

Percentage of the participants in each case group, who also had a certain diagnosis, is depicted in Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}. The figures also give ORs for comorbidity in hyperacusis with the diagnoses when unadjusted (crude) and adjusted for age, sex, and education. ADHD and panic disorder were excluded from the analyses for the physician-diagnosed group because of less than five of the cases reporting the two diagnoses. With the exception of migraine being adjusted in the physician-diagnosed group, the OR for all diagnoses, when both unadjusted and adjusted, were significantly higher than unity. In both the case groups, the ORs were particularly high for PTSD, CFS, and GAD, and the ORs were generally higher in the physician-diagnosed group than in the self-reported group.

![Percentage of participants with physician-diagnosed hyperacusis who reported a certain diagnosis as well as odds ratios (ORs), confidence intervals (CIs), and P values for comorbidity with a certain diagnosis when unadjusted (crude) and adjusted for age, sex, and education](NH-18-178-g002){#F2}
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Till date, only two population-based studies have been published.\[[@ref7][@ref8]\] In this study, we investigated hyperacusis with respect to demographics, lifestyle factors, perceived general health and hearing ability, as well as hyperacusis-specific characteristics and behavior and comorbidity. The results showed that the groups with hyperacusis (physician-diagnosed and self-reported), compared with the referents, were older and predominantly women, had higher education (self-reported group only), and had poorer perceived general health and hearing ability, but did not differ regarding being married/cohabitant, smoking habits, and physical exercise. Regarding hyperacusis-specific characteristics, a large majority of the case groups reported trying to avoid sound sources, and mostly being able to affect the sound environment, and a majority in the physician-diagnosed group, but not the self-reported group, also reported having sough medical attention. Close to half of the case groups reported that the hyperacusis started after high-dose or long-term sound exposure, and about a quarter that they had received treatment. Furthermore, all five aspects were somewhat more common in the physician-diagnosed group than in the self-reported group.

Concerning comorbidity, both the case groups showed higher risk than the referents of comorbidity with psychiatric diagnoses (PTSD, GAD, depression, and exhaustion syndrome), functional somatic syndromes (CFS, fibromyalgia, IBS, and migraine), and the conditions of tinnitus, hearing impairment, and back/joint/muscle disorder when both unadjusted and adjusted for age, sex, and education. ADHD and panic disorder were studied only in the self-reported group having higher than normal risk. However, caution should be taken regarding the exact size of the OR for PTSD, GAD, CFS, and ADHD because of large confidence intervals. It should also be noted that migraine did not reach statistical significance in the self-reported group when adjusted for age, sex, and education. Although the ORs were high for many of the diagnoses, in particular for PTSD, CFS and GAD, the prevalence rates in the hyperacusis groups were, in general, low, with the exceptions of tinnitus, hearing impairment, back/joint/muscle disorder, and depression.

Out of our total sample, 9.2% had self-reported hyperacusis and 1.9% reported having received a diagnosis from a physician. Using a similar criterion for self-reported hyperacusis, the present prevalence rate is similar to that of 8.6% reported by Andersson *et al*.\[[@ref7]\] Similar to the study by Andersson *et al*.,\[[@ref7]\] the results from the present study imply middle aged and elderly being a risk group for hyperacusis. In accordance with the past findings of higher sound detection thresholds in hyperacusis,\[[@ref11][@ref12]\] our results suggest that it is also common to experience reduced hearing. Although hyperacusis was found to be more common in men than in women in a Polish sample,\[[@ref8]\] the opposite result was obtained from our Swedish sample. However, although not studying a population-based sample, Ellermeier *et al*.\[[@ref34]\] reported a sound intolerant group being dominated by women. Further studies are needed to better understand the role of sex and gender in hyperacusis. This may also apply to the role of education as hyperacusis was found to be associated with high education in the self-reported but not in the physician-diagnosed group.

Similar to the previous studies,\[[@ref7][@ref12]\] our participants with hyperacusis tried to avoid sound, and also commonly reporting that they could affect the sound environment. Less than half of the respondents attributed their onset of hyperacusis to high or long-term sound exposure, something that is often cited as a cause for tinnitus\[[@ref35][@ref36]\] and may explain the comorbidity of the two conditions. It may seem counterintuitive that only two out of the three with physician-diagnosed hyperacusis had sought medical attention for this condition. However, it is possible, given the high risk of comorbidity with hearing impairment and tinnitus, that the patients have sought medical attention for other illnesses and were then diagnosed with hyperacusis. It is also worth noting that only one third had received treatment for their condition, motivating future research on why this proportion is low and on types of treatment being received.

Regarding comorbidity, we found that hyperacusis co-occurred with several diagnoses, similar to other studies including psychiatric diagnoses,\[[@ref15][@ref37][@ref38][@ref39]\] functional somatic syndromes,\[[@ref14][@ref23][@ref24][@ref25][@ref26]\] hearing impairment,\[[@ref40]\] and tinnitus.\[[@ref7][@ref16][@ref17][@ref18]\]

With a 9.2% prevalence of self-reported hyperacusis found in our sample, it can be estimated that about 700,000 of the adult Swedish population might suffer from hyperacusis, warranting additional research and healthcare resources. Our study was conducted on a statically representative sample of the general population, but it bears to have in mind that the reply rate was only 40%, with the largest nonreply among young ages. As the purpose of the study was to investigate environmental health issues, those with these issues might have been more motivated to reply. Being a questionnaire-based survey, we did not have data on hearing threshold or loudness discomfort levels, but future studies may investigate the relation between such measures and experience of hearing.

Despite limitations of the study, the results suggest that high age, female sex, and possibly high education are associated with hyperacusis. Trying to avoid sound sources, and being able to affect the sound environment, and to some extent also having sough medical attention are common reactions and behaviors. Finally, various psychiatric conditions and functional somatic syndromes as well as hearing impairment, tinnitus, and back/joint/muscle disorders show comorbidity with hyperacusis, and more so when diagnosed for hyperacusis than when only reporting more sound intolerance than normal. The academic field of hyperacusis has rapidly expanded in the past 2 decades,\[[@ref41]\] and given that about one in 10 individuals in our study experience problems with everyday sounds, more research is warranted to further increase our understanding of hyperacusis in the general public. Caution should be taken because of the cross-sectional nature of the data, but, nevertheless, the presented results provide ground for future study of these characteristic features being risk factors for development of hyperacusis and/or consequences of hyperacusis.
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